Abstract
Introduction
The call for the 32nd COMPSAC emphasises that to properly engineer critical infrastructure systems, the foundations, methodologies, and mechanisms that support the design, modelling, and evaluation of software systems must come from diverse sources. Such a remit places a heavy burden on the educators who must ensure that the Software Engineers who produce these systems are supported by high quality education. This education must not only build on strong theoretical foundations but must also provide the "realworld" skills and abilities that are rated highly by employers [1] and that are often more related to people skills rather than purely technical ones.
There is no doubt that the production by the IEEEComputer Society and ACM of the series of curricular documents during the last seven years can be seen as a major achievement not only as individual curricula documents, which support the educators, but also as a mechanism for differentiating between the various subdisciplines and providing each with their own identity. Perhaps these documents, more than anything else, will end the myth that Software Engineering is simply a branch of Computer Science. The overview volume [2] with its excellent descriptions and diagrams clearly illustrates the breadth of the Computing discipline and the differences (and similarities) between the five areas for which curricula have so far been produced: Computer Engineering, Computer Science, Information
The publication, in 2004, of the Software Engineering volume [3] represented a significant milestone for the discipline. However, the document itself, in the chapter "Guidelines for SE Curriculum Design and Delivery", sets many challenges for the Software Engineering educators, several of which relate to "realworld" aspects. Also, there are many educational areas which require further research by the community as was highlighted in an invited paper [4] 
The Challenges
In chapter 5 of the Software Engineering curriculum document [3] nineteen specific guidelines are given which relate to curriculum design and delivery. The guidelines that relate, directly or indirectly, to a wider industrially-orientated view are:
1: Curriculum designers and instructors must have sufficient relevant knowledge and experience and understand the character of software engineering.
6: Students must learn some application domain (or domains) outside of software engineering.
11: The underlying and enduring principles of software engineering should be emphasized, rather than details of the latest or specific tools.
12: The curriculum must be taught so that students gain experience using appropriate and up-to-date tools, even though tool details are not the focus of the learning.
13: Material taught in a software engineering program should, where possible, be grounded in sound research and mathematical or scientific theory, or else widely accepted good practice.
14: The curriculum should have a significant realworld basis.
The supporting text for guideline 14 emphasises that at least some of the following should be incorporated into a Software Engineering programme of study.
• • Better document interactions with industry that influence education, and publish details of how the successful interactions work so they can be emulated.
• Launch a large collective effort to establish two-way knowledge and skill exchanges with companies from more industrial sectors, and with more professionals within these companies. • To what extent should the hard-to-teach process topics be taught to undergraduates?
• How can process topics be taught better? What types of case studies, simulations or other exercises will work most effectively?
Whilst Challenge 5 has associated with it a set of actions in the form of challenges for the future viz. [4] :
• To convince practitioners, employers and governments that a professional workforce is essential.
• To provide appropriate education for existing practitioners via accredited Continuous Professional Development (CPD) programs. The development of such CPD programs by universities could be one way of mitigating the continuing decline in undergraduate numbers.
• To ensure that practitioners do maintain their competence, perhaps by a certification or licensing process that requires this.
• To ensure that the industry's best practices are recognized, and via CPD programs, are communicated across the profession.
And the research questions are [4] :
• What are the most appropriate and effective mechanisms to deliver education to existing practitioners in differing situations?
• What practices need to be communicated to a workforce in a constantly changing technical environment? Questions that relate to this are: How to test for best practice? How should best practice be recorded? What are the relationships between best practices, standards, and Bodies of Knowledgehow does each influence the other? What are the roles for professional and international bodies with regard to best practices? Who should be the "keeper" of best practice recommendations?
• In our education programs, how should we prepare our future practitioners for the life-long learning that is essential to support their future careers?
Support in the Literature
Many of the challenges detailed in section 2 are not particularly new -they perhaps have simply not been highlighted so clearly. To determine what level of support already exits and determine any trends, a selective literature analysis has been carried out. Since we were interested in literature that related specifically to education within the field of Software Engineering we have restricted our analysis to papers and other items published during the last eight years in the proceedings of the IEEE-CS sponsored conferences on Software Engineering Education and Training (CSEE&T) [5] to [12] . We felt that a time scale of 2000 to 2007 was appropriate, and that this conference would give us a good spread of papers -since it is a premier outlet for papers in the field. We have examined each item within each of the proceedings and have allocated each to one (and only one) of the following coded categories (3 specific and 3 general):
• Projects with industry links, (P+I).
• Projects without industry links, (P).
• Links with industry (non Projects), (LI).
• Curriculum, Body of Knowledge, Programme/Course Development, Accreditation, (C).
• Specific approaches to Teaching and Learning (these can relate to a specific subject e.g. Java Programming or a particular environment e.g. Distance Learning). (T&L).
• Software Engineering philosophy, Professionalism aspects (including ethics and legal issues), Reviews (e. g. reviews covering past, present and future, global trends etc), (P&R)
The list was refined by carrying out a rough analysis first and then a more detailed one. As stated above each item in the proceedings was counted once only and decisions had to be made regarding what was the most appropriate category. Each item was treated as having equal weight whether it was a full paper, keynote summary, workshop overview, position paper, tutorial overview or whatever. We recognise that there are limitations with regard to this analysis and that there are many other publications relating to the area. However, we believe that this investigation is sufficient to draw some conclusions regarding areas of educational research and trends. A summary of the results is given in Table 1 In allocating counts to the P+I and LI categories we were quite rigorous in our selection. With regard to projects these had to have a clear industrial input (e.g. the project is for a real-world client who wants a real product). Similarly for the LI category a major link was needed -not just the teaching of a particular approach or tool because it is used in industry. Also, we did encounter some allocation problems. For example, a paper that addressed the education needs of software managers which devotes much to consideration of the discipline itself could be classed as LI, C. T&L, or P&R. All one could do was read the full paper and make a reasoned decision as to where the main thrust lay. In carrying out the allocations, the paper session headings within the proceedings were often of little help because the main thrust of the paper was often quite different to the session title (the same can also be said for some paper titles and their content).
As expected a clear majority of the papers addressed specific approaches to teaching and learning and most of these primarily addressed undergraduate issues. However, it is a disappointment that for a conference which highlights Education and Training there were very few papers that addressed training aspects. This perhaps indicates that this area is not viewed as of sufficient academic worth (at least with regard to publications).
Particular areas of interest have clearly waxed and waned. Curricula issues were low for many years after 2000 -perhaps because much effort was being directed at the various activities associated with the development of the Software Engineering volume [3] . This may possibly now be starting to recover. Counts in the P&R category are often quite high due to special tracks that have reflected on the contributions to education of a specific individual.
The low count of items that relate to projects with industrial links is surprising. Given the emphasis within the discipline of real-world relevance we would have expected many more publications addressing such and that they would outnumber publications that addressed projects without explicit industry links. rather than the reverse. Perhaps this is an indication that much more could be done -especially in ensuring projects are for real-world clients.
With the exception of 2003, the number of papers addressing links with industry (non-projects) is disappointing. The majority of papers within the category have addressed issues concerned with Continuous Professional Development (CPD). Others have addressed a broad range of topics from Technology Transfer (TT) from academia to industry, to the use of senior industrialists as adjunct professors within an academic institution.
An Investigation into Links between Industry and Academia
Since early summer 2005 we have undertaken work to identify the various links thatexist between industry and academia with regard to academic programmes. The aim has been to create a mechanism that could be used to understand and evaluate such links and allow information on industrial practices to be made available to a wider academic audience. This work follows on from earlier investigations associated with professionalism in the Software Engineering field and the "Best Practices" that professionals should be familiar with.
The earlier work was initiated by proposals within a document entitled "Harmonization of Professional Standards" [13] . This had been produced under the auspices of the International Federation for Information Processing (IFIP) who during the 1990s had an interest in defining an international approach regarding professional standards throughout the whole of the Information Technology sector. The Professional Standards document [13] Starting in autumn 2000, we undertook a series of activities aimed at both promoting and evaluating the IFIP document primarily within the Software Engineering community. Some 15 international activities were undertaken over the next two years which included a paper presentation and panel session at the 2002 Compsac conference [14] and [15] . The overall reaction to the IFIP Professional Standards document by the Software Engineering community was very encouraging [16] and it was recognised that the document defines a framework which should assist the advancement of professional standards. However, the evaluative work also highlighted community concerns associated with the areas of best practice and proven methodologies, maintenance of competence, and the educational support for these areas [16] . Some further work was undertaken in 2004 on investigating best practices in the Software Engineering sector and their role in the curricula [17] which did much to reinforce the earlier findings regarding community concerns.
In 2005 funding to support an education-orientated project was granted by the UK Higher Education Academy [18] . A key aim for this project is to develop guidelines and recommendations regarding the identification and incorporation of proven industryrelated best practices into both undergraduate and postgraduate computing curricula (including curricula that relate to maintenance of competence for existing professionals). Since the work undertaken in 2004 [17] had identified problems in directly identifying industrial practices, which had been independently proved to be effective, it was decided that a part of the overall project would be directed towards investigating the various links between industry and academia to see if information gained via such links could be used as a means of determining effective practices. We decided that to support the investigation we would propose a series of workshops at particular international conferences in order to gain a wide range of opinions and experiences. Luckily the majority of these proposals have been accepted.
Workshops and Interactions
To date we have run four highly interactive workshops which we believe have captured a significant number of international experiences.
The first workshop [19] was held at the 19th Conference on Software Engineering Education & Training in April 2006. In addition to highly interactive discussions the there were presentations on papers [20] which addressed: the role of adjunct professors, an Indian company's Academic Interface Program, the importance of industry experience for students, and the role of guest speakers from industry. In addition trials were carried out on a preliminary template which could be used to record interactions. This concentrated on: context, the actors involved, the interaction, analysis, and evaluation.
The second workshop [21] was held at the 28th International Conference on Software Engineering, in May 2006. In addition to discursive sessions there were short presentations to support seven position papers [22] which were organised into four themes. Theme 1: Types of Interaction -this addressed the importance of dialogue with industry. Theme 2: Projects and Solutions for Industry -this addressed collaborations that are driven by projects, strategies for collaboration, and the use of a SE laboratory. Theme 3: Courses for Professionals -this addressed how such could form a two-way communication channel. Theme 4: Industry Assisting Academia -this addressed courses run by industry and how industry could provide data to support research. In addition to support Theme 2 a paper [22] was circulated that addressed technology transfer to small and medium sized enterprises. Further trials were also carried out on an enhanced template which could be used to record interactions (the content of which is detailed in an Appendix to this paper). The workshop participants were divided into groups representing each of the four themes detailed above and each group was requested to complete a template for an interaction relevant to their theme and then feed back their feelings about its use. Finally there was a general appraisal session that addressed particular issues relating to the study of interactions and the use of the templates.
The third workshop [23] was held in August 2006 and formed the first event within the IFIP's Conference on Education for the 21st Century. This in turn was one of the constituent conferences which formed IFIP's World Computer Congress. The main purpose of this workshop was to provide a forum for a group that would not only be Software Engineering orientated. The event took the form of a series of "round table" discussions that addressed various experiences relating to interactions between universities and industry relating to specific academic programs. This event attracted a very different set of attendees compared with the previous two events. There were attendees from several countries that had not been previously represented including: Chile, Ecuador, Puerto Rico, Oman, South Africa, Portugal, and Japan.
The fourth workshop [24] was held at the 14th AsiaPacific Software Engineering Conference, in December 2007. This was purposefully very interactive in nature and involved the participants working in groups throughout the day. It consisted of three distinct discussion sessions plus an introductory and plenary session. The discussion sessions addressed: the Industry /University Gap, University and Industry Collaboration, Achieving Real World Experiences. Each of the workshop sessions commenced with a short presentation on a relevant position paper [25] . The attendees then split into groups with a set of specific issues to address and then report on. Further use was also made of the template during the workshop that had been devised to capture interactions, and which as stated earlier is reproduced in the Appendix to this paper.
Findings and Ongoing Work
What is clear from the four workshops outlined in section 4 is:
• There are many more types of industry/academic interactions than were revealed by the literature survey.
• The percentage of institutions running projects with real world clients would appear to be much higher than our sampling of the literature revealed • Many types of very successful interaction, e.g. use of a high level "Industry Advisory Board" acting at University Vice Chancellor/President level, are apparently not documented in the academic literature.
• Many academics want to and do get involved with industry,
• Some senior industrialists are very willing to be involved with academia in advisory and instructional roles.
Nevertheless, it would appear that overall the levels of interaction are lower than would be hoped for and there is a lack of publications addressing the area. We believe that if a database could be created that documented interactions, using the framework detailed in the appendix, it could prove an extremely useful resource. There thus needs to be a user friendly automated data collection system supporting the data repository that holds the actual information. This could then be used world-wide to record interactions. • The development and evaluation of a range of different web-based interfaces for collecting data about interactions
• The development of a database which can be used to hold the data and which will support subsequent interrogation As yet we have not yet received an easy-to-use system, and even when we do there will be the further challenge of persuading academics and industrialists to make real use of it. However, we hope that with a new set of project students this academic year there may be a more favourable outcome with regard to a developed system.
We must conclude that the challenges for Software Engineering educators detailed in section 5 remain and that there is still much for the community to do especially in areas associated with Continuous Professional Development.
Summary, Additional Challenges and Suggested Actions
In this paper we have illustrated the differences between the Computer Science and Software Engineering disciplines and we have highlighted the importance of addressing real world practice with regard to supporting Software Engineering education. We have then outlined challenges, actions and research questions that have been identified as requiring the attention of the Software Engineering community. We have also reported on items of literature and workshopbased research and presented findings form this work.
In addition to the challenges we have reported in section 2 there are unfortunately also challenges at more general levels. Our practical work on investigating the interactions between Industry and Academia has not only involved attending international conferences and running workshops. It has also been supported by attendance at conferences that address specific application sectors (e.g. transformational government [26] ) and engagement with the British Computer Society's Professionalism in IT Programme [27] . What has become apparent is that there are two distinct communities, the industrialists and the academics, who in many respects appear to be growing apart. Major academic conferences appear to attract few from industry (a situation that did not use to exist) and application-orientated conferences attract even less academics. In fact in particular cases of the latter, while the total attendance has been in hundreds, academic attendance has been in single figures! This is despite the fact that these are the very types of application areas in which many computing graduates (perhaps even the majority) find jobs. Many academics, at least in the UK, are driven by the demands of successive Research Assessment Exercises [28] where to publish high quality academic research papers is the clear aim and applied work with the industrial/commercial sector is avoided. Also, we must recognise that currently the normal career progression for an academic in computing is: undergraduate degree, postgraduate degree, enter academia, do worthwhile "academic" research and teach.
That is not to say that the situation is totally negative -some universities, such as our own, pay particular attention to what it classes as Reach-out activities and see these as just as important as those associated with Research, and Learning and Teaching [29] . Nevertheless, it is clear that the general situation is far from ideal and that much more could be done to bring educational and industrial communities together. In the short term it would appear that the most effective mechanisms to achieve this would be:
• Student placements in industry, typically for 6 or 12 months. Should these not be the norm for every Software Engineering student?
• Student projects with real clients in the industry.
• An emphasis in industry on professional development involving high quality academic courses.
• Staff exchanges and the use of senior people from industry as adjunct professors as is found in the USA.
• Academics and industrialists working together to identify and develop best practices.
Finally, it must be accepted that there are significant problems in gaining acceptance within the Software Engineering academic community for research activities which are directed at educational areas rather than technical ones. Personal experiences over the years have shown that it is very hard to generate significant engagement in workshops and similar events that are aimed at advancing educational issues at Software Engineering conferences (except where the whole theme of the conference is education). Similar difficulties arise in gaining research funding when one is in competition with technical areas.
